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Colloidal aggregation and critical Casimir forces
A recent Letter [1] reports the experimental observation of aggregation of colloidal particles dispersed in a liquid mixture of heavy water (HW) and 3-methylpyridine (MP). The authors claim that the experimental data can be explained in terms of a model which accounts solely for the competing effects of the inter-particle electrostatic repulsion and the attractive critical Casimir force, the decay lengths of which are set by the Debye screening length ℓ D and the correlation length ξ of the liquid mixture, respectively. Here we show, however, that the reported aggregation actually occurs within ranges of values of ξ and ℓ D ruled out by the proposed model and that most of the experimental data presented in Fig. 4(c 
, where l is the surface-to-surface distance of the two colloids, ε the dielectric constant of the mixture, A = 1.2-1.5 a universal constant [2] (set to 2 in Ref. [1] ), and T the temperature. The expressions for V el and V C (valid within the Derjaguin approximation l ≪ R [2, 3]) have been derived assuming l ℓ D and l ξ, respectively, with ξ ≃ ξ 0 (1 − T /T c ) −ν and ν ≃ 0.63, which is expected to hold for ξ ≫ ξ 0 , i.e., sufficiently close to the critical point at temperature T c . For the present mixture T c ≃ 310 K, ξ 0 ≃ 3Å [4] , and therefore significant (nonuniversal) corrections to V C are expected to occur within the gray area in the figure, corresponding to ξ 5 ξ 0 . Adding NaCl to the mixture causes both a reduction of ℓ D [1] and a screening of σ. The effective value σ * which replaces σ in V el can be determined via the Grahme equation [3] , which yields σ * = σ g(ℓ D /ℓ σ ) where g(ρ) = 2/(1 + 1 + ρ 2 /4) and ℓ σ ≡ k B T εε 0 /(eσ) ≃ 0.2 nm for a near-critical temperature T ≃ T c and ε ≃ 26. This value of ε for the mixture with critical MP mass fraction x c ≃ 0.29 [4] (i.e., volume fraction φ c ≃ 0.32 [7] ) is estimated on the basis of the dielectric constants of pure HW (78.3) and MP (10.0) at T ≃ 298 K [6] via the Clausius-Mossotti formula, neglecting the fractional volume change (see, e.g., Ref. . Within the hatched area, this condition is fulfilled only in its crosshatched part, which is significantly smaller than the region ξ < ℓ D indicated in Ref. [1] and therefore it does no longer agree with the experimentally determined aggregation line [1] (data points in the figure) .
Thus a careful study of the model proposed in Ref. [1] shows that it does not predict aggregation to occur at ξ = ℓ D , leading to a discrepancy with the reported data. Such a discrepancy is particularly significant at values of ξ ≫ ξ 0 for which an interpretation in terms of universal critical phenomena could be acceptable.
Andrea Gambassi
1 and S. Dietrich 
